Here X, is the level of habit, and 6 is the subjective time discount factor.
It is convenient to capture the relation between consumption and habit by the surplus consumption ratio St-(C, -X) / Ct. The surplus consumption ratio increases with consumption: St = 0 corresponds to an extremely bad state in which consumption is equal to habit; St approaches one as consumption rises relative to habit. The local curvature of the utility function, which we write as ri, is related to the surplus consumption ratio by Thus low consumption relative to habit, or a low surplus consumption ratio, implies a high local curvature of the utility function.
To complete the description of preferences, we must specify how the habit Xt responds to consumption. Through most of our analysis we use an external habit specification in which habit is determined by the history of aggregate consumption rather than the history of individual consumption. Define 
where 0, g, and -s are parameters. (Throughout, we use lowercase letters to indicate logs.) We call X(S a) the sensitivity function, and we specify it further below. Substituting (2) into (3), we see that (3) does in fact describe how habit Xt adjusts to the history of consumption { Ca j. Though this adjustment is nonlinear, to a first approximation near the steady state 's, equation ( 
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It is convenient, though not essential, to use the same value g for the mean consumption growth rate and the parameter gin the habit accumulation equation (3). We can regard equation (4) as the specification of the endowment process and close our model as an endowment economy. In principle, this interpretation does not imply a loss of generality: If the statistical model of the "endowment" is the same as the equilibrium consumption process from a production economy, then the joint asset price-consumption process is the same whether the economy is truly an endowment or a production economy. In practice, the asset pricing predictions of many habit persistence economies are strongly affected by the specification of technology. In many endowment economies with habits and random walk consumption, riskfree rates vary a great deal, as the varying surplus consumption ratio gives rise to strong motives for intertemporal substitution. When production is added to these economies, consumers make strong use of production opportunities to smooth marginal utility over time. The interest rate variation is quieted down, but the equilibrium consumption process moves far from a random walk (Jermann 1998 ). However, we shall pick the functional forms and parameters of our model to generate a constant real risk-free rate. Therefore, we can also close the model with a linear technology: where Kt and Et denote the capital stock and an exogenous endowment or additive technology shock, respectively. This specification results in exactly the same process for consumption and asset prices as the endowment specification does. This fact suggests that the model's consumption and asset pricing implications will not be much affected if the model is closed with any standard concave specification of technology that gives easy opportunities for intertemporal transformation and thus a roughly constant risk-free interest rate.
B. Marginal Utility
Since habit is external, marginal utility is We can now calculate moments of the marginal rate of substitution and find asset prices.
Slope of the Mean-Standard Deviation Frontier
The slope of the conditional mean-standard deviation frontier can be found from the conditional moments of the marginal rate of substitution. Following Shiller (1982) , Hansen andJagannathan (1991) show that the first-order condition 0 = Et(Mt+,Re+1) for an excess return Re implies that the Sharpe ratio of any asset return must obey 
Et (Re+) = -p t(M(+M, Rt+1) E (Mi~) y t(Mt+i)
fall assets} t(Rt+1 This formula helps us to specify the model. To produce a timevarying Sharpe ratio, k(s) must vary with s. To produce risk prices that are higher in bad times, when s is low, X (s) and hence the volatility of s must increase as s declines.
Risk-Free Interest Rate
The real risk-free interest rate is the reciprocal of the conditionally expected stochastic discount factor
Rf = 1 Et(Mt+ )'
'For lognormal M with mean g and standard deviation a7, 
The st -s term reflects intertemporal substitution. If the surplus consumption ratio is low, the marginal utility of consumption is high. If there were no shocks to consumption, marginal utility would fall as the surplus consumption ratio reverts to S. The consumer would then like to borrow, which would drive up the equilibrium risk-free interest rate. We can interpret the last term in equation (8) as a precautionary savings term. As uncertainty increases, consumers are more willing to save, and this willingness drives down the equilibrium risk-free interest rate.
In the data, we notice relatively little variation in risk-free rates. This means that the serial correlation parameter 0 must be near one, or X (st) must decline with st so that uncertainty is high when s is low and the precautionary saving term offsets the intertemporal substitution term. The decline of X (se) with s, is the same condition we need to get countercyclical variation in the price of risk. We now use this insight to pick the functional form of X(st).
C. Choosing the Sensitivity Function X (st)
We have not yet specified the functional form of X(st). We choose X (st) to satisfy three conditions: (1) The risk-free interest rate is constant; (2) habit is predetermined at the steady state st = -S; and (3) habit is predetermined near the steady state or, equivalently, habit moves nonnegatively with consumption everywhere.
We have already discussed the motivation for a constant risk-free interest rate. We further restrict habit behavior to keep the specification close to traditional and sensible notions of habit. We normally think that it takes time for others' consumption to affect one's habits. In our model, habit cannot be completely predetermined, or a sufficiently low realization of consumption growth would leave consumption below habit, in which case a power utility function is undefined. Hence, we require that habit be predetermined, but only at and near the steady state. Finally, the notion of habit would be strained if we allowed habit to move in the opposite direction from consumption.
These three considerations lead us to a restriction that must hold between the steady-state surplus consumption ratio S and the other parameters of the model, namely, it to zero at s = -s, we obtain Equation (10) satisfies this condition. Since the functional form of (s,) was already determined by the first two conditions, this condition determines the constraint (9) on the parameters of the model. Panel a of figure 1 plots the sensitivity function X(s,) against the surplus consumption ratio, given the parameter values described below. The sensitivity function 2 (s,) is a shifted square root function of -s, so X increases to infinity as s, declines to minus infinity, or as St = est declines to zero in the figure. As we discussed above, a negative relationship between X(s,) and st is needed to produce a constant risk-free interest rate and a countercyclical price of risk. Where X(st) hits zero, we see the upper bound of the surplus consumption ratio, Sm,.
Panel b of figure 1 plots the derivative of log habit with respect to log consumption, as given by equation (13). The figure verifies that habit does not move contemporaneously with consumptiondx! dc = 0-at and near the steady state, marked by a vertical line, and that habit responds positively to consumption-dx/ dc> 0-everywhere. As the surplus consumption ratio declines to zero or increases to its upper bound (the vertical dashed line), log habit starts to move one for one with log consumption in order to keep habit below consumption or the surplus consumption ratio below its upper bound.
Time Variation in the Riskless Interest Rate
Different functional forms for X(s,) can of course generate riskless interest rates that vary with the state variable. For example, a natural generalization is to choose j(s,) so that the interest rate is a linear function of the state st, rather than a constant: rf = rf B(s -S).
The only difference this modification makes to the previous analysis is that the relation between parameters in equation (9) generalizes to S =s 1 ' We choose the free parameters of the model to match certain moments of the postwar data. Table 1 summarizes our parameter choices. We take the mean and standard deviation of log consumption growth, g and 6, to match the consumption data. We choose the serial correlation parameter 0 to match the serial correlation of log price/dividend ratios. We choose the subjective discount factor 6 to match the risk-free rate with the average real return on Treasury bills. Since the ratio of unconditional mean to unconditional standard deviation of excess returns is the heart of the equity premium puzzle, we search for a value of y so that the returns on the consumption claim match this ratio in the data.
We take the standard deviation of dividend growth, cw, from the CRSP data as well. Assigning a value p for the correlation between dividend growth and consumption growth is a little trickier. If dividend growth were uncorrelated with consumption growth, a claim to dividend growth would have no risk premium. However, correlations are difficult to measure because they are sensitive to small changes in timing or time aggregation. Campbell (1999) reports correlations in postwar U.S. data varying from .05 to almost .25 as the measurement interval increases from 1 to 16 quarters and correlations in long-run annual U.S. data varying from almost .2 to just over .1 as the measurement interval increases from 1 to 8 years. In the very long run, one expects the correlation to approach 1.0 since dividends and consumption should share the same long-run trends. Furthermore, these point estimates are subject to large sampling The plot verifies that the unconditional distribution is well behaved: it does not pile up at the boundaries or wash out. The distribution of the surplus consumption ratio is negatively skewed. The surplus consumption ratio spends most of its time above the steadystate value S, but there is an important fat tail of low surplus consumption ratios. We shall refer to a low surplus consumption ratio as a "recession" and a high surplus consumption ratio as a "boom.'' Thus the model predicts occasional deep recessions not matched by large booms. ratio. When consumption is low relative to habit in a recession, the curvature of the utility function is high, and prices are depressed relative to dividends. Since the price/dividend ratios are nearly linear functions of the surplus consumption ratio and the distribution of the surplus consumption ratio is negatively skewed, the distribution of price/dividend ratios inherits this negative skewness despite i.i.d. lognormal consumption growth. The price/dividend ratio of the dividend claim is almost exactly the same as the price/dividend ratio of the consumption claim despite the very low (.2) correlation of dividend growth with consumption growth. Dividend growth is much more volatile than consumption growth, so the regression coefficient ,3 = PcAd/6YAc of dividend growth on consumption growth is roughly one. The systematic or priced components of the two assets are similar, and therefore so are their prices. Figure 5 presents the conditional standard deviations of returns as functions of the surplus consumption ratio. As consumption declines toward habit, the conditional variance of returns increases. Thus the model produces several effects that have been emphasized in the autoregressive conditional heteroscedasticity (ARCH) literature: highly autocorrelated conditional variance in stock returns, a "leverage effect" that price declines increase volatility, and countercyclical variation in volatility.
Price/Dividend Ratios and the Surplus Consumption Ratio
Conditional Moments of Returns
In figure 4 , the expected return of the dividend claim is almost exactly the same as that of the consumption claim. In figure 5 the dividend claim has a noticeably higher standard deviation than the consumption claim but the same dependence on the surplus consumption ratio. The return on the dividend claim is The consumption claim nearly attains the Sharpe ratio bound, implying that it is nearly conditionally mean-variance efficient. The consumption claim model has only one shock. Hence the only reason the consumption claim (or any claim whose return depends on the single shock) is not exactly conditionally mean-variance efficient is that it is nonlinearly related to the shock. For the consumption claim, the effects of such nonlinearity are slight.
The dividend claim has a slightly higher mean return and a substantially higher standard deviation since there is a second dividend growth shock as well as the consumption (discount rate) shock. Hence, the dividend claim has a somewhat lower Sharpe ratio and is less conditionally efficient. However, since the dividend payoff is correlated only .2 with the consumption claim payoff, it is surprising how close the Sharpe ratios are. In equation (20), most of the variation in the dividend claim return is due to changing risk premia and 224 JOURNAL OF POLITICAL ECONOMY hence changing price/dividend ratios common to both assets, not to the volatility of the payoff itself.
The Sharpe ratios of both securities increase substantially when the surplus consumption ratio declines. In our model, recessions are times of low consumption relative to habit, low prices, somewhat higher standard deviations of returns, very much higher expected returns, and correspondingly high Sharpe ratios.
The top line of figure 6 is also interesting as a characterization of the discount factor. The conditional mean of the discount factor is constant, so this line plots the conditional standard deviation of the discount factor. That conditional standard deviation moves with the state variable s, and so inherits its positive serial correlation. Thus our economic model generates a time-series model for the second moment of the stochastic discount factor, like an ARCH model rather than an autoregressive moving average model. The HansenJagannathan analysis shows that this form is necessary in order to generate a time-varying risk premium.
B. Statistics from Simulated Data
We simulate 500,000 months of artificial data to calculate population values for a variety of statistics. In order to facilitate a comparison with historical data, we simulate the model at a monthly frequency and then construct time-averaged artificial annual data. As in the actual data, we average the level of consumption in each year. We form annual returns by taking the product of intervening monthly returns. The annual price/dividend ratio is its value at the end of the year.
We report corresponding historical statistics with some trepidation. On the one hand, it is useful to get some quantitative idea of the target. On the other hand, the historical statistics are the subject of an enormous empirical literature, and the point estimates of simplified statistics from one particular sample do little justice to the econometric and data-handling sophistication of that literature. Also, estimates should be accompanied by standard errors, but useful measures of sampling uncertainty require a far more sophisticated analysis than space allows here. This is particularly true since our model suggests that peso problems will be important; stock returns in the model are nonnormally distributed and strongly influenced by the small possibility of a severe crash or depression. The first four moments match the postwar statistics exactly because we chose parameters to fit those moments. In particular, we picked the parameter Y = 2.00 to exactly match the Sharpe ratio for log returns of 0.43 in postwar data. The model also matches the Sharpe ratio for simple returns of 0.50. A y value of about four matches the dividend claim Sharpe ratio to the postwar value without much effect on other statistics. We chose to match the postwar time series because they are a significantly harder target. The long historical time series feature a much larger standard deviation of consumption growth, a lower Sharpe ratio, and a higher risk-free rate. A y of about 0.7 matches the 0.22 Sharpe ratio for log returns in the long-term data, with little effect on the other statistics.
Means and Standard Deviations
It is noteworthy that the model can match the mean and standard deviation of excess stock returns, with a constant low interest rate and a discount factor 6 = 0.89 less than one, by any choice of parameters. These moments are the equity premium and risk-free rate puzzles, which we discuss below.
The remaining moments were not used to pick parameters, so we can use them to check the model's predictions. The choice of Y matches the ratio of mean return to standard deviation, but it says nothing about the level of mean and standard deviation of returns. The ratio 0.43 could be generated by a mean of 0.43 percent and a standard deviation of 1 percent. In fact, the mean and standard deviation of excess returns are almost exactly equal to the corresponding values in the postwar data, using either the consumption claim or the dividend claim.
The mean price/dividend ratio is a bit below that found in post-war data, but this statistic is poorly measured because the price/ dividend ratio is highly serially correlated. The standard deviation of the price/dividend ratio is almost exactly the same as that found in the data. In this sense, the model accounts for the volatility of stock prices, a point we discuss in more detail below. The cross-correlations between the price/dividend ratio or returns and subsequent absolute returns show that a low price/consumption ratio or a big price decline signals high volatility for several years ahead. This is the "leverage effect" that Black (1976), Schwert (1989), Nelson (1991) , and many others have found in the data. As with the univariate autocorrelation of absolute returns, the data seem to indicate a somewhat shorter-lasting change in conditional variance than is predicted by the model, at least as viewed by this simple statistic. Again, the dividend claim behaves much like the consumption claim, despite the very low .2 correlation of dividend growth with consumption growth. Table 5 presents long-horizon regressions of log excess stock returns on the log price/dividend ratio in simulated and historical data. We use excess returns to emphasize that risk premia rather than riskfree rates vary over time. We see the classic pattern documented by Campbell and Shiller (1988b) Table 6 presents estimates of (21), using 15 years of covariances to estimate the sums in artificial data and in the two data samples. The point estimates in the data find that more than 100 percent of the price/dividend ratio variance is attributed to expected return variation. A high price/dividend ratio signals a decline in subsequent real dividends, so it must signal a large decline in expected returns. The forecast dividend decline is not statistically different from zero, however. All of the price/dividend ratio variance is accounted for, providing evidence against the view that stock market volatility is driven by rational bubbles. In the model, all variation in the price/dividend ratio is due to changing expected returns by construction. To within the accuracy of the log-linear approximation, the variance decomposition on artificial data reflects this fact.
Autocorrelations and Cross-Correlations
Long-Horizon Regressions
The Correlation of Consumption Growth with Stock Returns
Equilibrium consumption-based models typically imply that consumption growth and stock returns are highly, if not perfectly, correlated. For example, with log utility, the return on the wealth portfolio equals consumption growth, ex post, data point for data point. This implication is the basis for many theoretical models in finance that substitute portfolio returns for consumption growth. However, this implication is seldom checked or used to test asset pricing models, for the obvious reason that it is dramatically false. As Cochrane and Hansen (1992) emphasize, the actual low correlation between stock returns and consumption growth lies at the heart of many empirical failures of the consumption-based model.
In our model, consumption growth and consumption claim returns are conditionally perfectly correlated since consumption growth is the only source of uncertainty. But the relation between consumption growth and returns varies over time with the surplus consumption ratio. Hence the unconditional correlation between consumption growth and returns is not perfect. Panel a of figure 7 shows this effect of conditioning information by plotting artificial data on monthly consumption growth versus returns. For a given surplus consumption ratio, such pairs lie on a line, but the slope of the line changes as the surplus consumption ratio changes. Therefore, the consumption-return pairs fill a region bounded by two straight lines, each of which corresponds to one limit of the surplus consumption ratio.
Panel b of figure 7 plots the correlation of consumption growth with returns in simulated annual data. As the figure shows, time aggregation further degrades the perfect conditional correlation between consumption growth and returns. Table 7 presents several measures of the correlation between consumption growth and stock returns. In the data, there is very little contemporaneous correlation between consumption growth and returns. However, returns are negatively correlated with previous consumption growth and positively correlated with subsequent con- When we time-aggregate the artificial data to annual frequencies, the contemporaneous correlation drops to .47. Furthermore, time aggregation produces a strong positive correlation between returns and subsequent consumption growth and a negative correlation between returns and previous consumption growth, the same sign pattern that we see in the data.
Modeling stocks as a dividend claim further reduces the correlations. Since the correlation of dividend growth with consumption growth is only .2, one might expect still lower correlations. But again most return variation is driven by price variation, so the extra dividend volatility has a relatively small effect.
Thus the varying conditioning information in our model together with an explicit accounting for time aggregation goes a long way toward resolving the puzzling low correlation of consumption growth with returns and toward explaining the correlation between returns and subsequent macroeconomic variables. Adding state variables and accounting for lags and errors in data collection are likely to further help to account for the correlations of consumption with asset returns.
The Correlation of the Discount Factor with Consumption Growth and Stock Returns
The static capital asset pricing model (CAPM) often does a better job of accounting for risk premia than the consumption-based asset pricing model with power utility (Mankiw and Shapiro 1986). It turns out that this is true in our artificial data as well, even though the data are generated by a consumption-based model. Campbell and Cochrane (1998b) present detailed calculations. We show the basic point here by calculating the correlation between the true stochastic discount factor and consumption growth or stock returns. Discount factor proxies that are better correlated with the true discount factor produce smaller pricing errors for a given set of assets. Table 8 presents the correlations. In monthly artificial data, the consumption claim return is far better correlated with the true discount factor than consumption growth is. Therefore, the static CAPM using the "wealth portfolio" return is a better approximate model. Although the discount factor is conditionally perfectly correlated with consumption growth, the unconditional correlation is low because the surplus consumption ratio varies. The stock return moves when the surplus consumption ratio changes and hence reveals more of the discount factor movement.
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We might expect the relative performance of the consumptionbased model to deteriorate further at longer horizons. At longer horizons, there is more movement of the surplus consumption ratio independent of consumption growth, and this movement will be revealed by stock return variation since stock prices decline when the surplus consumption ratio declines. Time aggregation further obscures the consumption signal. Table 8 confirms this intuition: at an annual frequency the correlation of the discount factor with timeaveraged consumption growth has declined to .45, whereas the correlation with the consumption claim return is still .99.
At a monthly horizon, the dividend claim return is a poorer proxy than even consumption growth because dividend growth contains noise not correlated with the discount factor. When we go to a longer horizon and introduce time aggregation in consumption, however, even the dividend claim return is a far better proxy for the discount factor than consumption growth. These annual results are the relevant ones because actual monthly consumption data, unlike the simulated monthly consumption data, are time-averaged and measured with error. 
C. Interpreting Historical Consumption and Stock Price Data
Instead of simulating artificial consumption data, we now feed our model actual data on nondurables and services consumption per capita. Figure 8 presents the postwar history of consumption and the habit level implied by our model, assuming that habit starts at the steady state at the beginning of the sample. The figure shows how habit responds smoothly to changes in consumption, trending up in the high-growth 1960s and growing more slowly in the 1970s. Cyclical dips in consumption bring consumption closer to habit. Our model will predict low price/dividend ratios and high expected returns for those periods. Figure 9 presents the model's prediction for the price/dividend ratio of a consumption claim, together with the actual price/dividend ratio on the S & P 500 index. The prewar prediction is based on a calibration of the model to the long data set; it uses the lower mean and higher standard deviation of consumption growth of those data and a lower value of y = 0.7 to generate the lower Sharpe ratio in that data set. We emphasize that the "model" line on the graph is produced using only consumption data and no asset market data. A similar graph using the dividend claim rather than the consumption claim is almost identical since the predicted price/divi- It is a little embarrassing that the worst performance occurs in the last few years. Growth in consumption of nondurables and services was surprisingly slow in the early 1990s, bringing consumption near our implied habit level ( fig. 8 ), so our model predicts a fall in price/ dividend ratios rather than the increase we see in the data. Possible excuses include a shift in corporate financial policy toward the repurchase of equity rather than dividend payments; an increase in the consumption of stock market investors that is not properly cap-237 tured in the aggregate consumption data, due perhaps to rising income inequality in the period or the demographic effects of the baby boom generation entering peak saving years; and measurement problems such as compositional shifts of consumption away from nondurables and services.
D. Model Intuition The Equity Premium and Risk-Free Rate Puzzles
Our model is consistent with the equity premium and a low and constant risk-free rate. It is worth seeing how the model resolves these long-standing puzzles. shows that the power parameter y = 2, much lower than utility curvature y/ S, controls the relationship between average consumption growth and the risk-free interest rate. Thus we avoid the risk-free rate puzzle: an intuitively plausible 6 = 0.89 < 1 is consistent with the low observed real interest rate; and the model predicts a much less sensitive relationship across countries or over time between mean consumption growth and interest rates. Furthermore, the time-varying risk-free rate version of our model (Campbell and Cochrane 1995) produces a risk-free rate that varies over time as a function of the surplus consumption ratio, whereas consumption growth is i.i.d. Therefore, this model predicts no time-series relationship at all between interest rates and expected consumption growth rates, consistent with the great difficulty the empirical literature has found in documenting any such relation in the data.
With power utility
In order to remove the tension between equity premia as in (22) and risk-free rates as in (23), our model uses non-time-separable preferences to distinguish intertemporal substitution and risk aversion. Weil (1989), Epstein and Zin (1991), Kandel and Stambaugh (1991) , and Campbell (1996) use non-state-separable preferences to the same effect but do not generate time-varying risk aversion.
Our solution to the risk-free rate puzzle has one other important advantage. Abel (1999) highlights the danger of accounting for an equity premium by a term premium. If a model assigned a high premium to the interest rate exposure of stock cash flows and longterm bond cash flows alike, it would account for the equity premium of stocks over short-term bonds, but it would counterfactually predict high expected returns for long-term bonds as well. Since interest rates are constant in our model, long-term bonds earn exactly the same returns as short-term bonds, and the entire equity premium is a risk premium, not a term premium.
AGGREGATE STOCK MARKET BEHAVIOR
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The Long-Run Equity Premium
The equity premium puzzle is a feature of long as well as short horizons. Consumption is roughly a random walk at any horizon, so the standard deviation of consumption growth grows roughly with the square root of the horizon. The negative autocorrelation of stock returns means that k-year return variances are somewhat less than k times 1-year return variances, so the market Sharpe ratio grows, if anything, faster than the square root of the horizon (MaCurdy and Shoven 1992; Siegel 1994; Campbell 1996).
In our model, the k-period stochastic discount factor is
Equation (6) implies that the standard deviation of this discount factor must increase roughly with the square root of the horizon to be consistent with the long-run equity premium, and even faster to generate the negative autocorrelation of stock returns. One can think of our model as a member of a large class that adds a new state variable St+, to the discount factor. However, most extra state variables-such as recessions, labor, and instruments for timevarying expected returns ("shifts in the investment opportunity set") -are stationary. Hence, the standard deviation of their growth rates eventually stops growing with horizon. At a long enough horizon, the standard deviation of the discount factor is dominated by the standard deviation of the consumption growth term, and we return to the equity premium puzzle at a long enough run. One could of course (and many models that explain the short-run equity premium do so) posit positive serial correlation in consumption growth, so that long-run consumption growth is much more volatile than annual consumption growth. But we do not see this in the data.
Our model has a pure random walk in consumption, yet it produces negative autocorrelation in returns and therefore high Sharpe ratios at all horizons. How does it accomplish this feat with a stationary state variable St? The answer is that while St is stationary, S-7 is not. The variable St has a fat tail approaching zero (see fig. 2 ), so the conditional variance of S+7k grows without bound. We can demonstrate this behavior using the formula for the distribution of S given in the appendix (Campbell and Cochrane 1998 a): As s -> -oo, the leading terms in the distribution are
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We can integrate polynomials multiplied by this expression, so s is a covariance-stationary process with a well-defined unconditional mean, variance, and all higher moments. The surplus consumption ratio S = es is also well behaved. However, while S-7 has a finite unconditional mean, since e-7sf(s) is integrable, S-7 does not have a finite unconditional variance since e-27sf(s) e-lsl explodes as s -o -oo.
While the distinction between stationary S and nonstationary S-7 seems initially minor, it is in fact central. Any model that wishes to explain the equity premium at long and short runs by means of an additional, stationary state variable must find some similar transformation so that the equity premium remains high at long horizons.
A Recession State Variable
Equation (24) emphasizes that our model makes a fundamental change in the way we understand risk premia. Consumers do not fear stocks because of the resulting risk to wealth or to consumption per se; they fear stocks primarily because stocks are likely to do poorly in recessions, times of low surplus consumption ratios. While (Ct+l / Ct) -7 and (S,+1 / St) -7 enter symmetrically in the formula, the volatility of (Ct+l/ Ct) -7 is so low that it accounts for essentially no risk premia. The volatility of (St+,/ St) -7 is much larger and accounts for nearly all risk premia. Variation across assets in expected returns is driven by variation across assets in covariances with recessions far more than by variation across assets in covariances with consumption growth.
At short horizons, St+, and Ct+l move together, so the distinction between a recession state variable and consumption risk is minor; one can regard S as an amplification mechanism for consumption risks in marginal utility. At long horizons, however, St+k becomes less and less conditionally correlated with Ct+k; St+* depends on Ct+k relative to its recent past, but the overall level of consumption may be high or low. Therefore, in contrast to Rietz's (1988) model of a small probability of a very large negative consumption shock, investors fear stocks because they do badly in occasional serious recessions unrelated to the risks of long-run average consumption growth.
Nonstochastic Analysis
It is common in growth theory to abstract from uncertainty and compare data from actual economies to the predictions of nonstochastic models. Many stochastic business cycle models study small deviations from nonstochastic steady states, which are thought to describe A nonstochastic analysis also has trouble with the fact that price/ dividend ratios are finite. At our parameter values, the consumption growth rate (1.89 percent) is about double the interest rate (0.94 percent). Thus a risk-neutral or certainty version of our economy predicts an infinite price of the consumption and dividend streams. Only the risk-corrected prices are finite.
IV. Some Microeconomic Implications
In this section, we address several of the most important objections to the model: that it seems not to allow for any heterogeneity across consumers, that it assumes implausibly high risk aversion, and that it relies on an external-habit rather than the more common internal-habit specification.
At heart, all three objections have to do with the potential application of the model to macroeconomic data. This is not our chief concern in this paper. Our goal, ambitious enough, is to find representative-agent preferences that explain the joint behavior of aggregate consumption and stock returns. These representative-agent preferences could take the same form as the underlying preferences of individual agents, but they could also result from aggregation of heterogeneous consumers with quite different preferences. As one example, Constantinides and Duffie (1996) , building on Mankiw (1986), show how to disaggregate any representative-agent marginal utility process, including ours, to individual agents with power utility and low risk aversion in incomplete markets by allowing the crosssectional variance of idiosyncratic income to vary with the posited marginal utility process. Nonetheless, we find external habit forma-tion appealing as a description of individual preferences, and the representative-agent model is clearly more compelling if its preferences can result from aggregation of individuals with similar preferences. Therefore, we now briefly consider whether the external habit model makes sense for macroeconomic data.
A. Heterogeneity
Our identical-agent model, with parameter values such that habit is only about 5 percent below consumption, seems initially to be inconsistent with cross-sectional variation in wealth and consumption. If everyone has the same habit level, then poor people with consumption more than 5 percent below average would have consumption below habit, which makes no sense in our power specification.
In fact, however, our model can at least aggregate under complete markets with heterogeneous agents and heterogeneous groups. While these aggregation results are not as general as one might like-a standard problem in representative-agent models-it is still reassuring that many of the simple aggregation arguments for power utility apply, so the model is not automatically inconsistent with the wide cross-sectional variation of individual consumption and wealth. As usual in such results, the trick is to maintain identical growth in marginal utility while allowing some heterogeneity across individuals in levels of consumption, utility, or marginal utility.
We can allow many different reference groups with different levels of wealth by letting each agent's habit be determined by the average consumption of his reference group rather than by average consumption in the economy as a whole. Then poor people with low consumption levels have the same surplus consumption ratio as rich people with high consumption, since their reference groups also have low consumption. Each agent still has an identical power utility function of the difference between his consumption and his habit, and each group's consumption growth still moves in lockstep. With identical surplus consumption ratios and consumption growth rates, marginal utility growth is unchanged despite the heterogeneity in group consumption levels. In the appendix (Campbell and Cochrane 1998a), we show algebraically that the representative-agent preferences are the same as those of the individuals in this economy.
We can also allow some individual heterogeneity. Suppose that each agent i receives an endowment Ci, which is determined from the aggregate endowment Ca by Ct= (-| )(C -Xt) + Xt.
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The weights Pi vary across individuals, and X, is determined from the history of aggregate consumption via (3) as usual. By construction of the example, marginal utility (C' -X) -7 is proportional across agents, so marginal utility growth is the same for all individuals despite the heterogeneity in consumption levels. Therefore, all individuals agree on asset prices and have no incentive to trade away from their endowments. To complete the example, we show in the appendix (Campbell and Cochrane 1998a) that Ca is in fact the average of C' in each period. The combination of group and individual heterogeneity is straightforward, if algebraically unpleasant.
B. Risk Aversion
Do we achieve a model consistent with the historical equity premium by assuming implausibly high values of risk aversion? We have emphasized an interpretation of the "equity premium puzzle" in terms of aggregate observations: high risk aversion is undesirable in power utility models because it leads to counterfactual predictions for interest rates and consumption growth, and our model resolves these problems. But many people object to high risk aversion per se, even if it is consistent with all data on asset prices and economic aggregates. This objection is therefore also fundamentally a concern about macroeconomic evidence. Most intuition about risk aversion comes from surveys of individual attitudes toward bets on wealth (including introspection, which is a survey with a sample size of one). But survey evidence for low risk aversion can be hard to interpret. To avoid the implication that we are all risk neutral to small zero-beta bets, surveys focus on very large bets on wealth, outside ordinary experience, that consumers may reasonably have trouble digesting. Building on this observation, Kandel and Stambaugh (1991) subject some common thought experiments to a careful sensitivity analysis and show that high risk aversion is not as implausible as one might have believed. As is often the case, existing empirical macroeconomic evidence does not give precise measurements for input into macroeconomic models.
The agents in our model do display high risk aversion. However, we argue that high risk aversion is inescapable (or at least has not yet been escaped) in the class of identical-agent models that are consistent with the equity premium facts at short and long runs.
Risk aversion measures attitudes toward pure wealth bets and is therefore conventionally captured by the second partial derivative of the value function with respect to individual wealth, with any other state variables held constant. In the appendix ( If date t consumption moves proportionally to an individual wealth shock, risk aversion is the same as utility curvature. In our model, consumption rises more than proportionally to an increase in idiosyncratic wealth, so risk aversion rrat is larger than curvature rj t. An increase in individual wealth allows the individual to permanently increase his individual consumption over habit. This increase reduces the consumer's precautionary savings, implying that consumption increases more than proportionally at first. The consumer finances the extra initial consumption by increasing consumption less than proportionally to the initial wealth shock in subsequent states with high curvature and hence high contingent claim value. Constantinides (1990) and Boldrin, Christiano, and Fisher (1996) present models with low risk aversion that are consistent with the equity premium and low consumption volatility at short horizons. In these models, consumers adjust consumption slowly after an idiosyncratic wealth shock. The term (a In Ct) / (a In Wt) in (25) is low, so risk aversion is lower than the utility curvature that generates high Sharpe ratios through the Hansen-Jagannathan logic. However, the slow and predictable rise in consumption following a wealth shock means that these models do not fit the long-run properties of the data. They match high long-run Sharpe ratios with high long-run consumption volatility, volatility as high as that of returns. So far, no representative-agent expected utility model with low risk aversion is consistent with high Sharpe ratios and low consumption growth volatility at both short and long horizons.
C. Internal Habit Formation
So far we have specified an external habit: habits are set by everyone else's consumption. There are two reasons to calculate marginal utility and asset prices under the assumption that habits are internal rather than external. First, one wants to check whether the social marginal utility of consumption is always positive, despite the externality. Second, it is interesting to know whether the external-habit specification is essential to the results or whether it is just a convenient simplification.
It is possible that external rather than internal habits make little difference to aggregate consumption and asset pricing implications. With internal habits, consumption today raises future habits, lowering the overall marginal utility of consumption today. But asset prices are determined by ratios of marginal utilities. If internal habits simply lower marginal utilities at all dates by the same proportion, then a switch from external to internal habits has no effect on allocations and asset prices. For example, we show in the appendix (Campbell and Cochrane 1998a This fact verifies that more consumption is always socially desirable despite the externality. Second, internal-habit and external-habit marginal utility are nearly proportional near the steady state S, as in the linear example. This feature makes sense since the nonlinear habit accumulation process is approximately linear near the steady state. Third, internal-habit marginal utility falls away from externalhabit marginal utility as the surplus consumption ratio varies far from the steady state. As we move farther from the steady state, changes in consumption have larger impacts on future habits, even immediately (as we saw above, dxl dc rises). The more an increase in consumption raises habits, of course, the less it raises utility.
The fact that this version of internal-habit marginal utility is nearly proportional to external-habit marginal utility is encouraging for the robustness of our model to the habit specification. We repeated all the analysis above and found that many features of the asset pricing predictions are maintained. The average excess return and unconditional Sharpe ratio are not much affected, and price/dividend ratios and expected returns vary with the state variable S about as before. However, the small deviations from proportionality of marginal utility turn out to have some significant effects on other predictions. Most important, this internal-habit version of our model generates risk-free rates that are higher and vary with the state variable S, so the excess return is a less sensitive function of the state variable and is less predictable.
However, in this comparison we close the internal-habit model as an endowment economy with a random walk in consumption rather than with a constant risk-free rate, we use the same parameter values that were selected to match moments with the external-habit specification, and we use the same habit formation process that was reverse-engineered to deliver a constant risk-free rate with random walk consumption and external habit. The asset pricing results might be closer if one reverse-engineered a different habit accumulation equation to deliver constant risk-free rates and random walk consumption with internal habits; if one closed the existing model using a constant interest rate, tolerating a possibly small predictability of consumption growth; or if one picked parameters to match moments using the internal-habit specification.
The predictions of internal-versus external-habit models for individual behavior can be quite different. One may be forced to the external-habit view when one wishes to integrate the lessons of aggregate and macroeconomic data. If an individual with an internal or "addictive" habit and the ability to save receives an idiosyncratic windfall, he will increase consumption slowly and predictably. If an individual with an external habit receives an idiosyncratic windfall, his consumption will rise immediately. (An aggregate windfall can have different effects because it can cause asset prices to move, which is why the distinction between internal and external habits may make little difference to aggregate consumption behavior.) The vast literature on the permanent income hypothesis finds that individual consumption changes are quite difficult to predict. If anything, people spend windfalls even more quickly than predicted by the simple permanent income hypothesis, not too slowly. In analyzing risk aversion, we found that the external-habit model produces just such "overreaction" to individual wealth shocks, act/lwt ? 1, because precautionary saving falls when individual wealth increases.
V. Conclusion
We have documented a broad variety of empirical successes for our consumption-based model with external habit formation. We calibrate the model to fit the unconditional equity premium and riskfree interest rate. The model then generates long-horizon predict-ability of excess stock and bond returns from the dividend/price ratio and mean reversion in returns; it generates high stock price and return volatility despite smooth and unpredictable dividend streams; and it generates persistent movements in return volatility. All these phenomena are linked to economic fluctuations: When consumption falls, expected returns, return volatility, and the price of risk rise, and price/dividend ratios decline. The model predicts many puzzles that face the standard power utility consumptionbased model, including the equity premium and risk-free rate puzzles and the low unconditional correlation of consumption growth with stock returns. The model is consistent with an even sharper long-run equity premium puzzle that results from mean reversion in stock prices, together with low long-run consumption volatility. When we feed actual consumption data to the model, the model captures the main secular and business cycle swings in stock prices over the last century. The results are almost completely unchanged whether one uses a consumption claim or claims to volatile dividends that are very poorly correlated with consumption. The model predicts all this time variation despite a constant real interest rate and constant conditional moments for consumption and dividend growth.
In order to match these features of the data, our model posits a fundamentally novel view of risk premia in asset markets. Individuals fear stocks primarily because they do badly in recessions (times of low surplus consumption ratios), not because stock returns are correlated with declines in wealth or consumption.
The parameter values in our calibrated model imply that habits are only about 5 percent lower than consumption on average. This degree of habit formation may seem rather extreme. However, in this calibration we have used the sample period and the variable definitions that give the smoothest consumption and highest equity premium, we have ignored sampling variation and survivorship bias in mean returns, and we have not used standard devices to boost the equity premium such as occasional extremely bad states in the consumption distribution or frictions that concentrate stock ownership on a subset of the population. A less ambitious calibration exercise can produce similar dynamic results with a considerably higher average surplus consumption ratio.
The model gives some hope that finance can productively search for fundamental risk factors that explain at least the time-series behavior of aggregate stock returns rather than just relate some asset returns to other asset returns, leaving fundamental issues such as the equity premium as free parameters. The model also suggests that habit formation, or some other device to generate time-varying countercyclical risk premia along with relatively constant risk-free rates, is an important element for producing macroeconomic models with realistic production sectors that capture asset price movements as well as quantity dynamics.
